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T he business community has become increasingly interested in understanding the relationship between worker health and productivity. 1, 2 This interest has stemmed from a growing concern about large increases in employer healthcare costs and the value derived from increased spending directed at medical care. 3 For example, healthcare costs increased 14% in 2002 for the largest US health plan, the Federal Employees' Health Benefit Program, and premiums are projected to increase 25% in 2003 for the nation's second largest health plan, California Public Employees' Retirement System. 4 Some employers are wondering whether such increases are justified and whether providing good medical benefits produces a positive return on their investment in employee health and productivity.
Efforts are underway to examine this important issue. In particular, several occupational health professionals and researchers have begun to carefully research the productivity consequences of certain health risk factors and acute or chronic disease conditions. The first aim of this body of literature is to estimate the health and productivity cost burden of these health risk factors and disease conditions to "size" the opportunity for effective health and disease management programs. Second, once accurate measurement scales are developed, employers will be in a better position to judge the value of providing alternative health and disease management programs to their employees. Thus, the expense of providing various intervention programs can be weighed against the potential health and productivity cost savings derived from the programs, and a return on investment calculation can be formulated. Third, the measurement tools can be applied retrospectively, after the intervention program has been in place for some time, to measure and monitor the program's accomplishments in improving employee health and productivity.
The challenge to employers and researchers is to develop instruments and tools that measure worker health and productivity in a valid and reliable fashion so that the above objectives can be realized. This article describes the development of one such tool-a self-report productivity assessment instrument called the Work Productivity Short Inventory (WPSI). The WPSI been applied as part of a larger program called The Wellness Inventory, involving health education and risk assessment conducted at several employer locations. The tool is referred to there as the Wellness Inventory Survey, ® but we use the WPSI label throughout this article.
The WPSI was developed to quickly assess the financial impact of worker absence and on-the-job productivity losses related to 15 common health conditions. It is intended to help employers find the most pressing productivity problems that might be targeted by disease management programs or other health management interventions. Below we describe the development of the WPSI and methods used to assess the reliability of the information obtained from this instrument, using alternative administration procedures.
Detailed methods to assess validity are available upon request. The validity research can be summarized by noting that the WPSI appears to have adequate content validity (it asks about conditions that appeared in the top 10 most prevalent and costly at the firm where reliability and validity analyses were conducted). It also has adequate construct validity (eg, prevalence rates for conditions reported on the WPSI were similar to those reported in medical claims data). Some evidence of predictive validity was found as well (ie, those who responded to the WPSI and indicated problems with absenteeism and presenteeism in the recent past often had lower perceived health status when answering the survey).
We separate the details of the reliability and validity of the WPSI into separate papers, for two reasons. First, in a typical, "realworld" organizational setting, the WPSI and other similar instruments are most often applied in studies using fairly small samples, usually amounting to just a few hundred employees who work in a particular company location. With samples that small, the potential for random error can be large. Reliability metrics derived from individual survey questions may vary significantly from one application to the next. With small sample sizes, outliers can be problematic, causing a lot of variability in survey responses. An investigation of variability is the crux of any reliability analysis and therefore deserving of some detailed discussion. The description of the methods and results from these reliability tests therefore requires some length, making the addition of validity metrics unwieldy for a single paper.
Second, like other instruments, the WPSI can be applied with a variety of timeframes in mind. To provide readers with a fuller appreciation of how the instrument may be used, we tested the reliability of three different versions of the WPSI; these varied according to the length of the recall period requested in the instrument. This also requires additional space, again making an added validity report too cumbersome for a single paper.
The WPSI
The WPSI was developed to gather information about absenteeism and productivity lapses at work. It was designed to gather information quickly and efficiently. Thus, it is a short instrument that is best applied as a directional and priority-setting device. The information contained in it may point to problems that should be more fully investigated in larger studies, either with administrative data or more extensive survey instruments, or both. Interventions can then be crafted for disease conditions with the greatest potential productivity impact. The WPSI is not meant to fully characterize the cost burden of illnesses. It is meant to help users consider the influence of major health problems that are among the most prevalent or expensive in most companies. 5 The WPSI was designed to measure decrements in productivity when the worker is affected by various health problems. Unlike other instruments developed to assess productivity losses related to health, the WPSI attempts to assess the overall financial impact for a large number of health conditions likely to affect workers over a given time period, in addition to reporting their prevalence. Data collected by the instrument can be translated to easily understood metrics that provide medical directors and business executives with a monetary estimate of overall productivity losses related to these disease conditions. The data can also point to where attention should be directed in the form of effective health and disease management intervention programs. Thus, the tool can be used to estimate overall cost saving opportunities, and to identify health conditions deserving priority attention.
Earlier Attempts to Measure Health and Productivity in the Workplace and the Role of the WPSI Several researchers have investigated the effects that certain health risk and disease conditions have on absenteeism and presenteeism outcomes. However, as Koopman et al. note, the measurement of on-the-job productivity losses is still in its infancy. 6 Instruments used to measure on-the-job productivity losses have included the Work Limitations Questionnaire, 7 Health and Labor Questionnaire, 8 Work Productivity and Impairment Questionnaire, 9 Endicott Work Productivity Scale, 10 Stanford Presenteeism Scale, 6 and the Word Health Organization Health and Work Performance Questionnaire. 11 An extensive analysis of these instruments, including data regarding their validity and reliability, can be found in a monograph developed by Lynch and Riedel entitled, Measuring Employee Productivity: A Guide to Self Assessment Tools. 12 In general, these instruments were designed to assess employees' ability to concentrate, make decisions, get work done on time, and work with fellow team members when affected by certain health and disease conditions. The instruments rely upon respondents' self-report in assessing their productivity when suffering from a certain health condition (typically compared to when they are not suffering from that condition) over a given time period, generally ranging from 1 week to 1 month.
Given the availability of instruments to measure productivity losses at the workplace, why develop yet another tool to measure this concept? The WPSI was created to provide direction and strategic focus for employers considering alternative health and disease management programs. It was not designed to assess overall productivity losses associated with any given health issue in great detail. Unlike longer and more complex instruments, the WPSI is easy to administer and straightforward to complete. It is designed to assess a productivity cost burden over a timeperiod that is meaningful to most employers. It can be used to quickly assess and prioritize intervention opportunities based on the relative effects that certain disease conditions exert on workers. Finally, it can be used to estimate the productivity impacts associated with being in a caretaker role.
Current Investigation
The evolving literature on healthrelated productivity in the workplace illustrates the need to develop research instruments that consistently and accurately measure worker productivity losses resulting from certain health risk factors and disease conditions. 13 Ideally, these instruments would enable employers and health plans to determine the productivity impacts for different health and disease conditions when these coexist in a given population. Also, it would be useful to provide an annual estimate of productivity loss for each condition that would not be affected by seasonal influences. Finally, it would be best if the instrument overcame many of the shortcomings commonly associated with selfreport measures. 14 To overcome many common limitations associated with self-report measures, the instrument should: be brief and easy to understand; phrase questions to minimize socially desirable responses; use specific recall periods to improve recall of less recent events; ask respondents to provide exact rather than approximate answers to questions regarding continuous variables; and ensure that the questions have clear, exhaustive, and mutually exclusive response options. In addition, the self-reported responses should be verifiable using objective measures. 14 Developers of the WPSI attempted to address many of the shortcomings noted above. By design, the WPSI tool is brief and easy to complete. It allows users to organize and prioritize various health and disease conditions based on which conditions cause the greatest amount of productivity loss for an individual or a population. Its wording is neutral and does not solicit systematically positive or negative responses. It asks for detail for a particular recall period. The issue of optimal recall period is then considered in an analysis in which multiple versions of the instrument are tested. This may help readers to determine the best recall period for their particular application.
Methods

Survey Development
In addition to asking respondents to note basic demographic information, the WPSI asks respondents to note their perceived health status, and the amount of absenteeism resulting from 15 medical conditions. It also inquires about the amount of unproductive time spent at work when affected by these conditions. The latter is referred to as presenteeism.
Eleven of the 15 conditions pertain to respondents themselves; these include allergies, respiratory infections, arthritis, asthma, anxiety disorder, depression and bipolar disorder, stress, diabetes, hypertension, migraine and other major headaches, and coronary heart disease/high cholesterol. The remaining four conditions pertain to caregiving provided by employees to their family members. Thus, the WPSI requests information about the productivity impact of providing care to elders with Alzheimer's and to children with allergies, otitis media, and respiratory infections.
The 15 conditions inquired about on the WPSI were chosen on the basis of informal consultations with employers and physicians and a brief review of the literature. With regard to the latter, Burton et al. found that an increase in pollen has been associated with a reduction in productivity for workers with allergies, and medication may help to reduce productivity loss. 15 Experience with allergies is addressed on the WPSI.
The literature has also found significant reductions in productivity due to anxiety disorders and depression, 16, 17 both of which are inquired about in the WPSI. Claxton et al. noted an improvement in absenteeism shortly following the onset of treatment for depression. 18 The literature has also shown productivity impacts associated with migraine headaches, another condition noted on the WPSI. Fishman and Black 19 noted that productivity costs of migraine are substantial, and Schulman et al. 20 noted that treatment can reduce the at-work productivity loss.
Other conditions noted on the WPSI have been addressed in the literature on productivity change (see the article by Kessler et al. 21 for more examples). Evidence that the WPSI addresses "the right" set of conditions for the employer where this reliability study was presented can also be found in our companion work on validity.
Pretesting and Refinement
Once the WPSI was written and reviewed internally for content and clarity, it was pretested at a large company, not the one used for this reliability analysis. The pretest also asked respondents to comment on content, clarity, readability, and other aspects of the survey process. Results were reviewed and presented to the Human Relations Director of that company, and his views (along with those of the respondents) were considered as the instrument was revised again to assure clarity and readability.
Aside from edits to assure clarity and readability that were suggested by pre-test participants and the Human Relations Director, the analyses of the pretest suggested that inquiries about some conditions should be consolidated into single items on the WPSI. For example, depression and bipolar disorder, and migraine and other major headaches, were combined in single questions on the WPSI. This was done because prevalence rates for some of these costly conditions (eg, bipolar disorder) can be quite low, making separate study of them difficult. In addition, some conditions were grouped together because the pre-test showed it was often difficult for respondents to differentiate between bipolar disorder and major depression, between migraine and other major headaches, or between the cause of a condition (eg, high cholesterol) and the condition itself (eg, coronary heart disease). Thus, although the WPSI may lack clinical precision, it was not constructed for that purpose.
Three Versions Vary by Recall Period
For the reliability assessment, three versions of the WPSI were developed and distributed randomly to survey respondents who voluntarily participated in a health fair at a large manufacturing and communications firm. Each version of the survey included the same questions used to collect information on age, gender, job type, perceived health status, experience with several acute and chronic conditions, days of work lost due to those conditions, and unproductive hours spent at work because of them. The only difference between versions was the time period that subjects were asked to recall when answering the survey. One version asked respondents to consider the previous 12 months in their responses. Another asked them to consider the previous 3 months, and a third version asked them to recall the previous 2 weeks. The 12-month version of the WPSI is shown in the Appendix. All three versions have been copyrighted by Pfizer Inc., which funded this study.
Purpose of Reliability Testing
The purpose of the reliability assessment was to learn how much random noise was generated in the responses to the WPSI. One can think about reliability in terms of consistency-the more consistent the responses are to an instrument, the less "noise" is generated, and the more reliable the information obtained from that instrument will be.
Reliability assessment can be distinguished from validity assessment by noting that validity assessment focuses on bias-noise that is not random. Hence, the reliable application of a survey instrument may be consistent but still biased (ie, not valid), similar to a faulty bathroom scale that always reports the same body weight for an individual, even though that weight may be incorrect. Classical testing theory states that valid applications of an instrument must also be reliable, but reliable applications are not always valid. 22 Thus, reliability and validity testing should be conducted to assess the usefulness of any survey instrument. As noted earlier, we address validity in a companion paper.
Metrics
An important objective of the WPSI is to create metrics that denote the proportion of respondents who missed work or had reduced productivity due to several health problems. Another important objective was to estimate the financial impact of lost productivity due to those health problems. The reliability of these metrics is of primary concern.
One can begin by estimating the proportion of employees whose work was adversely affected by their health problems. We did this by counting the number and proportion of respondents who said they had any absenteeism or presenteeism losses associated with the 15 conditions listed on the WPSI form. Note that this may have understated the true prevalence of these diseases, because some employees may have had those conditions but never lost any work time or experienced any reductions in productivity because of these conditions. Since employers' major concern is with productivity losses related to health conditions, such undercounting is probably not of major consequence. Methods to assess the reliability of the proportions of employees whose work was adversely affected by the 15 health problems are described below.
In addition to assessing these proportions, the data obtained from the WPSI survey responses were used to create three financial or "dollar" metrics for each disease or condition assessed. Since there were 15 diseases or conditions of interest, 45 dollar metrics were created for each survey instrument. These metrics estimated dollar losses due to absenteeism, presenteeism (reduced productivity at work), and the total loss from absenteeism and presenteeism combined. The formulas for these dollar metrics are as follows:
Absenteeism Dollars. Total days absent due to a condition (from question 7 on the survey) multiplied by 8 hours/ day, in turn multiplied by an imputed hourly compensation for company employees of $34.25 per hour for salary and benefits. (See Goetzel et al. 23 for the derivation of the $34.25 figure.)* Presenteeism Dollars. Total calendar days in which a company employee experienced the condition (from question 6 on the survey) multiplied by the ratio of 236.5/365 (to account for the fact that employees only work 5 days per calendar week, minus time off for vacations and holidays), minus the number of days absent with the condition (because an employee cannot be home sick and present at work at the same time), multiplied by the number of unproductive hours spent at work due to the condition (from question 8 on the survey), multiplied by $34.25 per hour.
Total Lost Productivity. Absenteeism $ ϩ Presenteeism $ Reliability was assessed by focusing on the variability of these metrics, as noted below.
Reliability Testing
Only three survey questions were asked for each condition referenced on the WPSI. Respondents were asked to note their experience with the condition, the number of days of work lost, and the number of unproductive hours spent at work due to these conditions when the condition affected their work. Because the WPSI instrument was short and considered a variety of conditions that were not all likely to be problematic for each respondent, it was not feasible to construct detailed scales to assess overall experience with each condition. Thus, scale-based reliability metrics such as Cronbach's alpha 24 would not be useful to assess reliability. Next, only one application of the WPSI was feasible, making it impossible to use repeated measures testing to assess reliability. In light of these issues, reliability was assessed by using split-sample techniques focusing on the variability of the survey responses.
To apply the split-sample technique, respondents to each version of the survey were randomly divided into two equal-size groups. Reliability assessment was conducted by comparing metrics across the two groups of respondents. Once the proportion of employees whose work was affected by their health conditions was estimated, the reliability of this information was assessed by comparing these proportions across the two groups of respondents to each survey instrument. Z-tests for differences in proportions were used to establish whether the proportions differed by group, for each version of the WPSI.
Although the reliability of the proportions was of concern, of much greater concern was the reliability of the financial metrics that could be created from the WPSI. These are the metrics that may be of most use to an employer, so we focus most of our attention on them in the rest of this paper.
Five reliability criteria were established for the financial metrics, and the overall reliability of each WPSI instrument was estimated as the proportion of instances in which these criteria were met. Since the five criteria were applied to the 45 financial metrics, a total of up to 225 tests were conducted to assess reliability for each instrument. † First, consistency in the dollar metric values across the two groups can be viewed by focusing on the correlation between the values of the two groups. This approach is of interest because many reliability metrics are based upon analyses of correlation coefficients. 24 If the two groups of respondents to each version of the WPSI provide consistent answers to the survey questions, the correlation between their responses should be high. Nunnaly 25 suggests that correlations exceeding 0.70 provide evidence of adequate reliability, so this was the first reliability criterion we used. We noted the number and proportion of times that the financial metrics were this highly correlated across the two groups of respondents, for each survey instrument. Kendall's tau was chosen as the correlation measure of interest, since this measure accounts for the direction as well as the magnitude of the differences between the dollar metric values for the two groups of respondents in each survey type. * This estimate of hourly employee compensation was derived from data collected in a benchmarking study performed by Medstat. 23 It is also close to estimates prepared by the Bureau of Labor Statistics, which reported in March 2002 that "employer costs for employee compensation. . . averaged $23.15 per hour worked. . . . Wages and salaries, which averaged $16.76, accounted for 72.4 percent of these costs, while benefits, which averaged $6.39, accounted for the remaining 27.6 percent." (www.bis.gov, June 19, 2002). † In several instances, reliability metrics, such as coefficients of variation or t tests, or correlations could not be calculated because denominators were equal to zero, and therefore fewer than 225 tests for any particular instrument may result.
Next, to provide confidence in the results from the correlation analyses, the estimated correlation coefficients should not only be high; they should also be significantly different from zero. This was our second reliability criterion, and we noted the proportion of instances in which correlations were significantly different from zero. A z-test was used to assess whether the correlation coefficient was significantly different from zero.
Having investigated reliability in terms of correlation coefficients, which is what many others have done, 12, 26 it would be easy to stop here. However, in our view a focus on correlations does not provide as much information on the variability in the survey responses that employers should expect to see. The correlation analyses cannot show very well what the impact of naturally occurring outliers would be, for example. We therefore added three more reliability criteria.
Our third criterion was based upon the results of Student's t tests for differences in the average values of the dollar metrics across the two randomly divided groups. If the response patterns in the two groups were consistent, one would expect their average values to be about the same. Significant differences in mean values might therefore indicate a reliability problem. We noted the proportion of instances in which the average values were statistically similar (ie, the proportion of times that the t test P values exceeded 0.05).
Although the t tests provided additional information about the differences in responses across the groups, relying solely on t test responses would be insufficient, given the nature of how the two groups of respondents were generated. Using random assignment to generate the two groups would tend to equalize them, minimizing their differences and maximizing the chance that the t tests would find no significant differences. Thus, the test results might be able to indicate highly unreliable response patterns, but would probably miss moderately sized reliability problems. Moreover, dividing survey responses into two groups could lead to small sample sizes for some comparisons. One might therefore miss reliability problems simply because sample sizes were too small to find significant differences between the two groups.
To avoid these problems, we also noted the proportion of instances in which the differences in the mean values were large, regardless of statistical significance. For each version of the instrument, the term "large" refers to a situation in which the mean value for one group was at least twice the size of the mean for the other group. Thus, our fourth criterion for high reliability was that no group mean should be more than twice as high as its associated mean from the other group of respondents.
The fifth and final reliability criterion was based upon the coefficient of variation in the differences of the dollar metrics across the two groups. For this analysis, responses for each group were sorted from lowest to highest. The differences between the dollar metrics were then calculated as the group 1 dollar metric for each respondent minus the associated group 2 value. While the t-tests noted above were akin to testing whether the difference values that were obtained from this process had a mean that was equal to zero, the coefficient of variation focused more on the variability of the differences. If the responses were consistent, this variability should be small.
The coefficient of variation was defined as the standard deviation of the difference value, divided by its mean. ‡ The coefficient of variation is an attractive measure to base a reliability criterion on because it incorporates information about the standard deviation of survey responses in the reliability criterion. This allows the researcher to investigate the notion of variance in survey responses directly, and this lies at the heart of reliability analysis. Financial metrics having high coefficient of variation values (ie, greater than 10.0) were flagged as having potential reliability problems.
Aggregating the Evidence for Reliability
Once the correlation analyses, t tests, comparisons of mean values, and the coefficient of variation analyses were completed, the results were aggregated by counting the number and proportion of times these reliability criteria were met. The overall reliability of each survey instrument was then cast in terms of the proportion of times that the dollar metrics were consistent with expectation. Z tests were used to determine whether the reliability estimates varied by recall period. Comparisons were also made within each survey type to assess the reliability of metrics related to absenteeism versus presenteeism. Table 1 reports the demographic characteristics and perceived health status for each group of respondents who completed the three survey instruments. The randomization process worked well to equalize the groups with regard to these characteristics. The table shows no significant differences in age, gender, hours worked per week, or perceived health status between the two groups of respondents who completed each instrument, regardless of the survey instrument they completed. Table 2 reports the proportion of WPSI respondents in each group who indicated that they had any absenteeism or presenteeism problems ‡ Since the mean of the differences between Group 1 and Group 2 values was exactly equal to zero in some cases, there were some instances in which trying to divide by zero to calculate the coefficient of variation was impossible. This happened more often in the 2-week instrument analyses. associated with each health condition. Overall, 57% of the respondents reported at least one health condition, but there were only a few instances in which more than 5% of the respondents had any such problems; these were related to allergic rhinitis (12%), high stress (8%), migraine or major headaches (9%), and respiratory infections (9%). As one would expect, the prevalence estimates for these diseases tended to be highest in the 12-month recall period and lowest in the 2-week recall period, but this was not uniformly the case.
Results
Sample Characteristics
The Prevalence of WorkInfluencing Medical Conditions
In terms of the reliability of these estimates, we found only one case in which the estimates differed significantly for the two randomly divided groups of respondents. This occurred for the 12-month version of the WPSI. For that application, the proportion of employees whose work was adversely affected by arthritis/rheumatism was much higher in group 2 (7%) than it was in group 1 (1%; z test P value ϭ 0.0306). With only one significant difference out of 45 possible comparisons, we view the information about the proportions of employees with absenteeism or presenteeism problems to be quite reliable, and move on to consider other characteristics of the respondents and the reliability of the financial metrics. Table 3 presents the average dollars for absenteeism, presenteeism and total productivity loss for each survey type. For example, for those who completed the 3-month version of the survey, the average absenteeism dollar value was $963.28 per person, and the average presenteeism dollar value was $352.73 per person, leading to a total productivity loss of $1316.01 per person over a 3-month period. (These numbers were obtained by summing data over the 15 conditions of interest) Similar calculations are provided for those who completed the other two survey instruments.
Overall Absenteeism and Presenteeism Costs By Survey Type
Taking a closer look at the data from all three surveys, one important concern arises. If all of these data were valid and reliable, one would expect the numbers from the 12-month version to be about four times as high as the numbers from the 3-month version, and the numbers from the 3-month version should be about six times as high as the numbers from the 2-week version. This pattern did not occur. As shown in Table 3 , productivity loss estimates for those completing the 2-week instrument were about 1.67 times as high as expected (compared with the 3-month version), and the 12-month estimates were only about 50% as high as expected (again, compared with the 3-month version).
Why might this strange pattern of responses have occurred? One plausible explanation is that the data collected by different versions of the WPSI suffer from various reliability problems. Additionally, respondents' ability to accurately report on various health events may have varied based upon the recall period specified by the instrument. The information presented next seems to indicate that reliability problems are not the cause, and recall issues should be investigated further. Table 4 shows that the three survey instruments rarely differed significantly with regard to the percentage of times the reliability criteria were met. The only exception occurred for the coefficient of variation analysis. For this analysis, the 3-month instrument performed best, followed by the 12-month instrument, both of which were statistically preferable to the 2-week version. With regard to the other criteria, the percentages shown in Table 4 seem fairly consistent, with the exception of the correlation analysis, which favored the 2-week instrument (though not significantly so).
Reliability Criteria Findings
Overall Reliability
Overall, the results presented in Table 4 show no clear favorite among the various recall periods examined. The reliability estimates for the 12-month and 3-month instruments were quite similar, at 0.72 and 0.75 respectively. Both of these were higher than the overall estimate for the 2-week version, which was 0.66. However, none of these differences were statistically significant, and only the difference between the 3-month version and the 2-week version came close (ie, z test P value ϭ 0.0601). Thus, one may choose any particular version of the survey depending upon one's own time frame of interest, and reliability is not likely to suffer. 
Absenteeism, Presenteeism, and Total Productivity Loss
Finally, we conducted analyses to assess the reliability of the absenteeism and presenteeism dollar metrics, but these were not found to differ significantly by survey type. Absenteeism and presenteeism reliability estimates were similar in magnitude, so they are not presented here. Details are available upon request from the authors.
Discussion and Recommendations
The analyses presented here suggest that the WPSI is likely to produce highly reliable estimates of the proportion of employees with absenteeism or presenteeism problems related to the 15 conditions inquired about on that instrument. The WPSI is also likely to produce reliable estimates of the financial consequences of these conditions. While reliability varied somewhat according to recall period, the differences were not statistically significant, and, at least from a reliability perspective, these similarities may mitigate concerns about the impact of recall periods on survey responses.
We do believe, however, that recall should be considered when deciding which version of the WPSI instrument to implement. The degree of confidence workers have when speculating about their disease experiences may vary over the time periods requested in each version of the survey. Interestingly, however, a pair of studies of pain (one on migraine 26 and the second on low-back pain 27 ) indicate that recall bias may be lessened by asking respondents to recall the frequency of painful events and how those influenced work productivity or usual daily activities (not just whether such events occurred or not). We cannot say for certain whether recall bias in the WPSI has been mitigated by the inclusion of questions about frequency of absenteeism or the extent of presenteeism problems.
The likelihood of suffering from the diseases of interest can also vary substantially over different time intervals (our later article on validity presents data on this issue). 5 For chronic conditions such as hypertension, arthritis, diabetes, asthma, coronary heart disease and high cholesterol, the recall period used in the survey should have little impact on productivity loss estimates, since these conditions can be uncovered regardless of when the question is asked. However, for acute problems such as otitis media or respiratory infections, the longer the time period under investigation, the more likely a disease will be found and that productivity loss estimates will be established.
However, the data reflecting a disease episode may be subject to memory distortions when questions are geared toward much longer time periods, such as a year. Our data (see Table 3 ) suggest that these possible distortions in perception may result in a conservative assessment of productivity losses in the 12-month version of the WPSI, since subjects tended to underestimate the impacts of diseases on their productivity the longer the time period they were asked to recall. This is a validity issue though, not a reliability (consistency) issue. Thus, for employers seeking conservative financial estimates of productivity losses related to certain disease conditions, the 12-month version of the WPSI would be the instrument of choice. If recall is deemed more important and seasonality is not an issue, the 3-month version may suffice. To take a snapshot of current experience, the 2-week version may be preferable.
In general, short recall periods (2 weeks or 3 months) may be adequate for chronic conditions. For intermittent or acute problems such as depression, allergies, migraine headaches, or stress, a longer time frame (12-months) for recall may be most useful.
Recommendations
To assess the overall productivity losses associated with a variety of health and disease conditions, we Two potential ways to increase reliability would be to (1) offer the WPSI in situations that produce larger sample sizes and (2) consider wording changes to some questions that appear problematic. In general, classical test theory suggests that the larger the sample size, the higher the reliability of survey responses. 24 With regard to question wording, one might focus on items related to depression, stress, diabetes, and hypertension, since these were associated with more outlier values on some of the mean expenditure metrics (details are available from the authors). Clarifying definitions for those diseases may help to reduce some of the variability in the survey responses. One might also focus on questions related to pediatric respiratory infections, since dollar metrics for those were problematic about 45% of the time (results are available upon request).
Finally, as noted earlier, reliability assessments focus on just one characteristic of a survey applicationrandom noise in the responses. It is equally important to consider the potential for bias due to non-random response patterns. Thus, an assessment of the validity of the WPSI will be reported separately.
Conclusions
The three versions of the WPSI tested here were found to be highly reliable in terms of assessing the proportion of employees with 15 health conditions. In addition, reliability estimates for the productivity loss metrics ranged from 66.2% to 75.4%, depending upon the WPSI version used. Thus, the WPSI as applied here was reliable enough to meet its intended purpose.
None of the reliability estimates for any one version of the WPSI were significantly different than the others at the traditional 0.05 level. That having been said, it is worth noting that participation in the Health Fair where participants in the survey were recruited was voluntary. One might worry that healthier employees or those who are more motivated to care for themselves may have decided to participate, and that this might spuriously increase reliability by homogenizing the respondent sample. While we cannot eliminate this possibility, we do not think it should be a major concern in this application. Table 2 showed that the proportion of respondents who had absenteeism or presenteeism problems varied substantially by condition, suggesting that all respondents were not the same. Thus, we do not think that selection bias increased the reliability estimates, but self-selection into the survey process may have limited the generalizability of our findings to other employees at the company where the Health Fair was held.
The reliability estimates generated for the WPSI employed extensive and rigorous methods designed to put the data through an analytic "ringer" to show how variable responses may be when sample sizes are relatively small. Instead of relying on any single, imperfect reliability criterion, we relied on five. Admittedly these were arbitrarily chosen, but they were selected to provide employers with much more information about the variability of survey responses than is typically offered, and we think this information has value. Developers of other instruments often focus on simpler or less extensive sets of reliability metrics, limiting analyses to scale-based metrics like Cronbach's alpha or replications that focus on just correlation coefficients.
14 It would be useful to test the small sample properties of other instruments using multiple reliability metrics as well. This would provide a more complete picture of the variability one may find in typical applications.
